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Technical Field 

The present invention relates to a method of measuring a 
biodegradation rate of a non-natural organic compound. The present 
invention more specifically relates to a method of measuring a 
biodegradation rate of a non-natural organic compound saf ely, simply, 
rapidly, and accurately by utilizing change in a concentration of 
a radioactive carbon isotope 14 C from the modern carbon. 

Background Art 

In order tomeasure directly a biodegradation rate of an organic 
compound, a radioactive carbon isotope 14 C must be organochemically 
enriched in a sample first. Next, the sample enriched with the 
radioactive carbon isotope 14 C is subjected to biodegradation, and 
a radiation dose of carbon dioxide generated in biodegradation is 
measured with a scintillation counter to determine an absolute amount 
of the radioactive carbon isotope 14 C in carbon dioxide generated 
in biodegradation of the organic compound. A ratio of the absolute 
amount of the radioactive carbon isotope 14 C in carbon dioxide to 
an absolute amount of the radioactive carbon isotope 14 C in the 
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14 C-enriched sample used is calculated, to thereby determine the 
biodegradation rate of the organic compound. 

However, in the measurement method, a series of measuring 
operations must be performed in a space provided with measures against 
radiation because radioactive 14 C is used. Thus, the measurement 
method has problems in that measurement of a radiation dose of carbon 
dioxide generated in biodegradation requires a long period of time, 
and that measurement errors are observed by disturbance of background 
radioactivity or the like in measurement of the radiation dose. 

Therefore, development of a method of measuring a 
biodegradation rate of a non-natural organic compound rapidly and 
accurately without enriching a measurement sample with an expensive 
radioactive carbon isotope 14 C and without providing any special 
measures against radiation has been desired. 

Disclosure of the Invention 

It is an object of the present invention to provide a method 
of measuring a biodegradation rate of a non-natural organic compound 
safely, simply, rapidly, and accurately with little measurement 
error without providing any special measures against radiation. 

The inventors of the present invention have conducted intensive 
studies for attaining the above-described object, and have found 
that a biodegradation rate of a non-natural organic compound can 
be measured by utilizing a fact that a decaying radioactive carbon 
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isotope 14 C decays completely in a non-natural organic compound and 
no 14 C remains therein, and by measuring a difference between a 
concentration of 14 C in carbon dioxide from a medium mixed with a 
measurement sample for biodegradation and a concentration of 14 C 
in modern carbon. Further, the inventors of the present invention 
have found that a biodegradation rate can be measured in an open 
field, which was hitherto impossible, by using as an internal standard 
a metal in a biodegradation medium, to thereby complete the present 
invention based on the findings. 

That is, the gist of the present invention is described below. 

( 1 ) Amethod of measuring a biodegradation rate of a non-natural 
organic compound in the presence of a biodegradation medium, 
characterized by including: measuring a concentration of a 
radioactive carbon isotope 14 C in a biodegradation medium; and 
measuring a biodegradation rate of a non-natural organic compound 
from a difference between the concentration of 14 C in the 
biodegradation medium and a concentration of 14 C in modern carbon. 

( 2 ) Amethod of measuring a biodegradation rate of a non-natural 
organic compound according to the above item (1), characterized 
in that the biodegradation rate is measured by using an internal 
standard. 

( 3 ) Amethod of measuring a biodegradation rate of a non-natural 
organic compound according to the above item (2), characterized 
in that the internal standard is a metal selected from the group 
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consisting of bioessential metals such as iron, copper, and 
manganese . 

Brief Description of the Drawing 

Figure 1 shows an explanation drawing showing an example of 
a biodegradation reaction apparatus used in the present invention. 

Best Mode for carrying out the Invention 

The method of measuring a biodegradation rate of a non-natural 
organic compound of the present invention includes : in the presence 
of a biodegradation medium, measuring a concentration of a 
radioactive carbon isotope 14 C in a biodegradation medium; and 
measuring a biodegradation rate of a non-natural organic compound 
from a difference between the concentration of 14 C in the 
biodegradation medium and a concentration of 14 C in modern carbon. 

The non-natural organic compound used for measurement of a 
biodegradation rate in the present invention includes various 
organic compounds such petrochemicals and coal chemicals synthesized 
from raw materials of fossil fuels such as petroleum, coal, and 
natural gas. Of the non-natural organic compounds, substances 
likely providing adverse effects on natural environment such as 
a synthetic detergent, which flows out to natural world after use 
with waste water and contaminates water in rivers and lakes, must 
be investigated on progress of biodegradation by microorganisms 
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in the natural world, in particular. 

In a natural carbon-containing substance such as carbon dioxide 
in atmosphere or plants, 1 mole of carbon represents 6. 0 x 10 23 carbon 
atoms. Since a concentration of 14 C in carbon is 1/10 12 of that of 
12 C in abundance ratio, 1 mole of carbon represents 6><10 1:L radioactive 
carbon isotope 14 C atoms. A half-life of the radioactive carbon 
isotope 14 C is 5, 730 + 40 years, and a time period required for decay 
of all the 6 * 10 11 radioactive carbon isotope 14 C atoms is 226, 000 
years. Thus, in fossil fuels such as coal , natural gas, andpetroleum 
obtained by incorporating and fixing carbon dioxide in atmosphere 
into living bodies such as plants and being stored underground for 
226,000 years or more, all the radioactive carbon isotope 14 C atoms 
in carbon have already decayed. 

The present invention allows measurement of a biodegradation 
rate by microorganisms or the like of various non-natural organic 
compounds such as petrochemicals and coal chemicals synthesized 
from raw materials of fossil fuels containing no radioactive carbon 
isotope 14 C, which already decayed. The results of the measurement 
allow tracking of a biodegradation process of the substances in 
the natural world. 

Here, a value so-called percent Modern Carbon (pMC) calculated 
based on a concentration of 14 C in circulating carbon as of 1950 
as 100% has been used as a notation for the concentration of 14 C 
under an international agreement. A concentration of the 
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radioactive carbon isotope 14 C in carbon dioxide in atmosphere has 
varied after 1950, and a concentration of 14 C at present (2002) falls 
within a range of 110 to 111%. 

Next, the following operations are performed for the method 
of the present invention. For example, a sample for measuring a 
biodegradation rate of a non-natural organic compound such as a 
petrochemical product synthesized from a raw material of a fossil 
fuel and a substance which is a natural substance containing a 
radioactive carbon isotope 14 C and has a function of causing 
biodegradation of the non-natural organic compound such as compost, 
active sludge, or soil suspension aremixedand charged intoa reaction 
tank 1 of a biodegradation reaction apparatus constituted as shown 
in Fig. 1. Then, a biodegradation reaction of the sample is carried 
out at a predetermined temperature while an air having carbon dioxide 
in atmosphere completely removed therefrom is introduced into a 
vicinity of a bottom of the reaction tank 1. 

As shown in Fig. 1, the air is introduced in to the reaction 
tank 1 through a carbon dioxide absorption tank 2 containing an 
aqueous solution of sodium hydroxide or the like and a water washing 
tank 3, to thereby inhibit carbon dioxide in atmosphere to enter 
a reaction system. The air introduced into the reaction tank 1 except 
air partly consumed in the biodegradation reaction is introduced 
into a reservoir tank 4, a first-stage trap 5, and a second-stage 
trap 6 from a vicinity of a top of the reaction tank 1 with carbon 
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dioxide generated in the biodegradation reaction. 

In this way, the biodegradation reaction is carried out for 
a predetermined period of time such as for 10 days. Then a medium 
containing non-natural organic compound of the biodegraded sample 
is burned in air having carbon dioxide similarly removed therefrom 
or in pure oxygen, to thereby convert the medium into carbon dioxide. 
Carbon dioxide is passed through an aqueous solution of sodium 
hydroxide or the like in the same manner as described above, and 
absorbed and trapped therein. Then, a content (pMC) of a radioactive 
carbon isotope 14 C in carbon dioxide can be measured by using a 
scintillation counter or an accelerator-mass spectrometer. 

A biodegradation rate of a measurement sample can be obtained 
by: determining pMC of a medium containing a sample obtained as 
described above before and after biodegradation and a content (pMC 
of control medium) of a radioactive carbon isotope 14 C. obtained in 
the same manner by using a medium formed of a natural substance 
alone such as a fertilizer without addition of the non-natural organic 
compound in the sample; and using the values for the following 
calculation formulae . 



^pMCof control medium^ ( pMCof sample medium ^ 



B = 



^before biodegradaion 



before biodegradaion 



^pMCof control medium^ 
v before biodegradaion ) 



(1) 
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c = 



pMCof control medium 
^after biodegradaion 



pMCof sample medium 
^ after biodegradaion 



pMC of control medium > 
^after biodegradaion 



(2) 



Note that, pMC of the control medium does not change before 
and after . biodegradation . 

Carbon content in sample medium before biodegradation (D) 



Carbon content 
P _ derived from sample (g) 
~ B 



(3) 



Carbon content in sample medium after biodegradation (E) 



12 

E = D- Amount of carbon dioxide discharged from sample medium (g) x — ( 4 ) 

44 



Biodegradation rate(%) = 



1- 



ExC 
DxB 



xlOO 



(5) 



1- 



ExC 



Carbon content 
derived from sample (g) 



xlOO (6) 



In the method of the present invention, the medium subjected 
to biodegradation contains a metal species such as iron, copper, 
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or manganese. The metal species does not biodegrade even in a 
biodegradation operation, evaporate, or the like, and a total content 
of the metal species hardly changes before and after the 
biodegradation operation. Thus, by taking advantage of the property, 
the metal species in the biodegradation medium can be used as an 
internal standard, and a biodegradation rate can be determined by 
the following calculation formulae. 



F 

H = — xD 
G 



(7) 



- J „ J F n 
E = —xK = — x — xD 
I I G 



(8) 



Symbols in the above calculation formulae are defined as 

described below. 

F: Metal concentration of control medium be fore biodegradation 
G: Carbon concentration of control medium before 

biodegradation 

I : Metal concentration of control medium after biodegradation 
J: Carbon concentration of control medium after biodegradation 
D: Carbon content (g) of control medium before biodegradation 
E: Carbon content (g) of control medium after biodegradation 
H: Metal content (g) of control medium before biodegradation 
K: Metal content (g) of control medium after biodegradation 
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In addition, a metal is used as an internal standard, and K = H. 

The method has advantages in that: carbon dioxide generated 
in biodegradation need not be trapped; biodegradation need not be 
carried out in a closed reaction tank; and a biodegradation rate 
can be measured with an apparatus in open atmosphere. 

Next , the present invention will be described more specifically 
by way of examples. 
[Example 1] 

A biodegradation test of polycaprolactone in compost was 
performed by using an apparatus schematically shown in Fig. 1 as 
a biodegradation reaction apparatus. 

One hundred and seventy one point four g of compost (water 
content: 65 mass%) and 400.0 g of sea sand (25 to 35 mesh, water 
content: 20 mass%) washed with water as natural substances, and 
5.0 g of polycaprolactone (hereinafter, referred to as "PCL") as 
a non-natural organic compound were sufficiently mixed, to thereby 
prepare a biodegradation medium. Four massl of the biodegradation 
medium was sampled for analysis, and the remainder was filled into 
the reaction tank 1. 

Next, the reaction tank 1 was placed into a thermostatic bath 
at 58 °C. A low-pressure air was passed through the carbon dioxide 
absorption tank 2 and the water washing tank 3 to remove carbon 
dioxide in atmosphere, and was introduced into the reaction tank 
1 from an air introduction tube inserted into the vicinity of the 

10 



bottom of the reaction tank 1. The carbon dioxide absorption tank 
2 included a 2 N aqueous solution of sodium hydroxide to absorb 
carbon dioxide in atmosphere. An air flow rate was 30 ml/minute. 
Excess air and carbon dioxide generated in a biodegradation reaction 
in the reaction tank 1 were introduced into the reservoir tank 4 
from the vicinity of the top of the reaction tank 1 through an 
introduction tube . An introduction tube from an exit of the reservoir 
tank 4 was introduced into an aqueous solution of sodium hydroxide 
in the first-stage trap 5. The second-stage trap 6 was provided 
downstream of the first-stage trap 5, to thereby discharge excess 
air alone. 

In this way, PCL was subjected to biodegradation in compost 
for 11 days. The medium after biodegradation was burned in a 
combustion furnace by using air passed through a carbon dioxide 
absorption tank similar to that in the above-described 
biodegradation reaction apparatus to remove carbon dioxide. A 
combustion gas was trapped in a trap containing an aqueous solution 
of sodium hydroxide, to thereby determine an amount of carbon dioxide 
in the aqueous solution and a pMC value thereof. 

Similarly, a medium sampled before biodegradation was burned 
in a combustion furnace, to thereby determine a pMC value of carbon 
dioxide. Further, an iron (Fe) concentration and a total carbon 
concentration were measured for the medium sampled before 
biodegradation and the medium after biodegradation. 



As a comparative example, a biodegradation reaction of compost 
alone was carried out for 11 days using a biodegradation reaction 
apparatus having the same constitution as that of the above-described 
biodegradation reaction apparatus under the same conditions as for 
the above-described biodegradation reaction except that PCL as a 
non-natural organic compound was not added to the reaction tank 
1 of the apparatus. Also in this case, an amount of carbon dioxide 
and a pMC value for the medium sampled before biodegradation and 
the medium after biodegradation were determined in the same manner 
as in Example 1. 

Table 1 shows the results. 



Table 1 





Example 


Comparative 
Example 


pMC in medium before biodegradation (%) 


105. 19 


115. 82 


pMC in medium after biodegradation (%) 


113.01 


* 


Fe concentration in medium before 
biodegradation (ppm) 


50 




Fe concentration in medium after 
biodegradation (ppm) 


66 




Carbon concentration in medium before 
biodegradation (% ) 


6.87 




Carbon concentration in medium after 
biodegradation ( % ) 


5.22 





*: No change from before biodegradation 



A biodegradation rate based on an amount of carbon dioxide 
discharged from the medium was determined by using the above results 
and the calculation formulae (1) to (6), and a biodegradation rate 
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based on an internal standard was determined by using the calculation 
formulae (7) and (8).- Table 2 shows the results. 



Table 2 



Calculation method 


Biodegradation rate (%) 


Based on discharged amount of CO2 


77 


Based on internal standard 


80 



Industrial Applicability 

The present invention allows safe, simple, rapid, and accurate 
measurement of a biodegradation rate of a non-natural organic 
compound. In addition, when an internal standard is used, the present 
invention can provide a method of measuring a biodegradation rate 
of a non-natural organic compound having an effect allowing 
measurement with an apparatus in open atmosphere. 
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